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Abstract 
The article analyzes the correspondence between the actually occurring physical and chemical processes and the concept of 
the greenhouse effect. The absorption of the solar radiation by the gases existing in the Earth’s atmosphere has been examined. 
It was demonstrated that, despite the absorption of radiation from the Earth’s surface in the middle and long-wave infrared 
(IR) regions, there is a strong absorption of the overtones and combined frequencies of water vapor in the solar radiation 
(visible and near IR regions), i.e., the transmittance bandwidth of ‘the glass greenhouse’. Thus, the Earth atmosphere does 
not really function as a greenhouse, and the terms ‘greenhouse effect’ and ‘greenhouse gases’ lost their original meaning and 
have remained symbolical. 
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discussion recently, even though it was discovered 
quite a long time ago (see, for example, Ref. [1] ). 
In brief, the phenomenon can be summarized thus. 
Proceeding from Planck’s formula for thermal radia- 
tion and considering the temperature of the Sun to be 
equal to 6000 K, the solar radiation that passes through 
the Earth’s atmosphere and heats it up lies within the 
visible and the near-infrared (IR) regions. The wave 
numbers of this band are in the range of about 3000–
25,000 cm −1 (the atmosphere is the transparent glass 
of the greenhouse). Radiation from the Earth’s heated 
surface at room temperature (290 K) lying within the 
mid- and longwave IR regions (approximately 200–
2000 cm –1 ) is not transmitted through the atmosphere, 
and the heat is trapped. This leads to a temperature E-mail address: vokt@yandex.ru . 
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ground. 
Let us examine this phenomenon more closely. It 
is known that nitrogen (N 2 ) and oxygen (O 2 ) are the 
main components of the Earth’s atmosphere (making 
up 78% and 21% of its volume, respectively) [2] . Ac- 
cording to the classification of point symmetry groups, 
these diatomic molecules belong to the D ∞ h group, 
i.e., they have a center of symmetry. The symme- 
try of the equilibrium configuration of the molecule 
is preserved under the reflection operation (called in- 
version), and therefore these molecules do not have a 
dipole moment. The latter does not emerge when the 
molecules vibrate and rotate, so, consequently, they 
are characterized by an absence of infrared absorption 
and emission. 
Thus, the main absorbents in the Earth’s atmo- 
sphere are (in order of importance) water vapor and ction and hosting by Elsevier B.V. This is an open access article 
nc-nd/4.0/ ) 
. 
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Table 1 
Symmetry types and active modes of molecules in IR absorption 
and emission. 
Molecule Symmetry type Vibration 
Fundamental tone Frequency, cm –1 
H 2 O A 1 v 1 , v 2 3657, 1595 
B 2 v 3 3756 
CO 2 A u v 3 2350 









































Vibrational frequencies of water molecules in absorption (emission) 
of radiation in the IR and the visible regions. 
v 1 , v 2 , v 3 Frequency, cm –1 v 1 , v 2 , v 3 Frequency, cm –1 
0, 0, 0 0 1, 2, 1 10,329 
0, 1, 0 1595 0, 2, 2 10,523 
0, 2, 0 3152 3, 0, 0 10,600 
1, 0, 0 3657 2, 0, 1 10,613 
0, 0, 1 3756 1, 0, 2 10,868 
0, 3, 0 4667 0, 0, 3 11,032 
1, 1, 0 5235 0, 5, 1 11,248 
0, 1, 1 5331 1, 3, 1 11,813 
0, 4, 0 6136 0, 3, 2 12,012 
1, 2, 0 6775 2, 1, 1 12,152 
0, 2, 1 6872 1, 1, 2 12,408 
2, 0, 0 7201 0, 1, 3 12,565 
1, 0, 1 7250 2, 2, 1 13,653 
0, 0, 2 7445 3, 0, 1 13,831 
1, 3, 0 8274 1, 0, 3 14,319 
0, 3, 1 8374 3, 1, 1 15,348 
2, 1, 0 8762 1, 1, 3 15,832 
1, 1, 1 8808 3, 2, 1 15,822 
0, 1, 2 9000 4, 0, 1 16,899 




























 carbon dioxide. According to Ref. [3] , the change in
relative humidity in the Earth’s atmosphere lies in the
range of 6%–85%. For example, the average annual
relative humidity in St. Petersburg reaches 80% [4] ,
with 67% in the summer. As for carbon dioxide, its
percentage (by volume) is only 0.03% [2] . During
the year, it varies only slightly. For example, for the
whole 2013, this change was only 0.0004% (the data
of the National Oceanic and Atmospheric Administra-
tion, USA). However, even though carbon dioxide’s
content in the atmosphere is so low, the considerable
optical thickness of the atmosphere should be taken
into account (the troposphere layer is about 10 km
thick), and, therefore, carbon dioxide cannot be ex-
cluded from consideration. 
Water and carbon dioxide molecules belong to the
C 2 v and D ∞ h point symmetry groups, respectively.
Table 1 corresponds these molecules to active mode
frequencies (in wave numbers) and their symmetry
types in IR absorption and emission. In contrast to
the water molecule, the carbon dioxide molecule has
a center of symmetry. The dipole moment does not
change under symmetric vibrations ( v 1 ) relative to the
center of symmetry, and therefore the IR absorption
and emission are absent. The dipole moment occurs
and generates these spectra under asymmetric ( v 3 ) and
doubly degenerate deformation ( v 2 ) vibrations with the
respective Аu and Еu symmetries. Recall that the let-
ters A and E indicate, respectively, a non-degenerate
and a doubly degenerate vibrations, and the letter u
stands for the sign reversal of the displacement of
atoms from their equilibrium positions (for the vibra-
tion under consideration) under inversion. 
For the water molecule the letters A and B , as well
as the numbers 1 and 2, indicate, respectively, the
symmetry (sign preserved: A and 1) and the asym-
metry (sign reversed: B and 2) of the displacement of
atoms from their equilibrium position (for the vibra-
tion under consideration) relative to the second-order
symmetry axis (i.e., for a 180 ° turn), and with a re-
flection in the plane perpendicular to the molecularplane and passing through this symmetry axis. The
IR absorption spectrum of the water molecule is well-
studied [5] . Along with the fundamental frequencies
(tones) v 1 , v 2 and v 3 (see Table. 1 ), a series of over-
tones and combined frequencies is observed not only
in the infrared, but also in the visible range ( Table
2 ). For example, it can be seen from Table 2 that the
transition from the first overtone band of the symmet-
ric deformation vibration (0, 2, 0) to the combined
frequency band (2, 0, 3) corresponds to the change in
frequency from 3152 to 17,495 cm –1 . These bands cor-
respond to hundreds of vibrational-rotational lines. For
example, a single absorption band of 3500–4000 cm –1
is formed by overlapping stretching bands of 3657
and 3756 cm –1 . Due to the presence of these vibra-
tions, water vapor absorbs a significant percentage of
the solar IR radiation (inter alia) [6] . Thus, the region
in question, which should seemingly be transparent
to solar radiation, which is to say, serve as a ‘green-
house glass’, in fact greatly overlaps with the opaque
region. Therefore, the Earth’s atmosphere does not act
as a ‘glass’, and the terms ‘greenhouse effect’ and
‘greenhouse gases’ lose their original meanings; they
are only used to refer to the problem by tradition. 
If we consider the absorption of solar radiation
without the ‘greenhouse glass’ in the range of emis-
sion frequencies of the Earth’s surface, as well as
in the frequency band of solar radiation adjacent
to it, up to 3000 cm –1 (prior to our examination of
126 V.P. Oktyabrskiy / St. Petersburg Polytechnical University Journal: Physics and Mathematics 2 (2016) 124–126 the problem, it was a boundary above which the 
‘greenhouse glass’ transmitted radiation), then the 
main substrates are the same, i.e., water and carbon 
dioxide molecules. It is because of these molecules 
that the atmosphere is opaque below 900 cm –1 and 
in the range from 1200 to 2400 cm –1 [1] . Among 
other gases, the vibrational-rotational band of ozone 
O 3 at a frequency of 1042 cm –1 has the greatest im- 
pact on the transparency of the atmosphere. Methane 
CH 4 (1300 cm –1 ), nitrous oxide N 2 O (589, 1285 and 
2224 cm –1 ), and carbon monoxide CO (2143 cm –1 ) 
have less influence on transparency. The influence of 
nitrogen dioxide, nitric acid, ammonia, sulfur dioxide 
and freons is even lesser due to their low content in 
the atmosphere. 
The analysis of the factors affecting the absorption 
of the atmosphere may also take into account a certain 
difference in the spectra of different isotopic config- 
urations of carbon dioxide compared with the basic 
modification, and also the collision-induced [7] spec- 
tra of nitrogen (about 2350 cm −1 ) and oxygen (close 
to 1600 cm −1 ) absorption. Additionally, the natural and 
the Doppler broadenings of spectral lines should not 
be neglected. However, these effects have no influence 
on the overall conclusions. 
To summarize, the following conclusions can be 
drawn from the conducted analysis of the factors af- 
fecting the absorption and transmission of solar and 
terrestrial radiation by the atmosphere, as well as from 
the above-listed arguments. 
1. Due to the presence of overtones and component 
frequencies of water molecules which allow for only small windows of transparency to solar radia- 
tion, the Earth’s atmosphere in the visible and the 
near-IR spectral regions cannot be described by the 
conventional notion of the ‘greenhouse glass’, and 
therefore it does not perform such a function. 
2. In view of item 1, the terms ‘greenhouse effect’ 
and ‘greenhouse gases’ lose their original meaning. 
Thus, in our opinion, the processes occurring on 
Earth are, instead of the ‘greenhouse effect’, those of 
the absorption of solar radiation mainly by water va- 
por. At the same time, the thermal back radiation com- 
ing from the Earth’s surface into the interplanetary 
space is trapped. This process is one of the natural 
pathways by which the incident solar radiation pen- 
etrates the surface of the Earth and is re-radiated by 
it. 
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